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1
APPARATUS FOR WIRELESS DEVICE
CHARGING USING RADIO FREQUENCY
(RF) ENERGY AND DEVICE TO BE
WIRELESSLY CHARGED

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to, and the benefit of, U.S.
Provisional Patent application No. 61/566,894, filed Dec. 5,
2011, entitled “APPARATUS FOR WIRELESS DEVICE
CHARGING USING RADIO FREQUENCY (RF)
ENERGY AND DEVICE TO BE WIRELESSLY
CHARGED,” the entire disclosure of which is hereby incor-
porated into this document by reference.

DESCRIPTION OF THE RELATED ART

Portable communication devices, such as cellular tele-
phones, are frequently used with wireless headsets, and other
small form factor devices. Further, it is envisioned that there
are applications for portable communication devices that will
distribute the functionality of a portable cellular telephone
over smaller devices. One such application is the use of a
small, wrist-worn device that can be paired with a wireless
headset or earpiece to function as a portable cellular tele-
phone. Other device functionality, such as GPS-based loca-
tion and navigation, and other functionality can also be incor-
porated into the wrist-worn device. A common requirement
for each of these devices is that they are typically powered by
a small, rechargeable power source, such as a rechargeable
battery. Under normal operating conditions, the rechargeable
battery must be frequently recharged. One manner of recharg-
ing the battery is to use a wired charger that requires a house-
hold alternating-current (AC) source to supply the charging
energy directly to the device. One problem with a wired
charging arrangement is that the device to be charged must
include a connector port to which a corresponding connector
on the charger is connected. Such connectors require physical
space, and make it difficult to seal the enclosure of the device
to provide a watertight or water resistant package.

It would be desirable for charging to occur without the need
for a wired connection. Further, wireless charging allows a
device to be manufactured without an external charging con-
nection, which facilitates the fabrication of a watertight or
water resistant package. Wireless charging also provides free-
dom of movement for the user and allows multiple devices to
be charged simultaneously. Examples of devices that may
benefit from a wireless charging connection include, but are
not limited to, a wireless headset, a multiple-function wrist-
watch, a wrist-worn display or other wrist-worn device, a
hearing aid, an electronic earpiece, or other devices.

SUMMARY

An apparatus for wireless device charging using radio fre-
quency (RF) energy and a device to be wirelessly charged are
described. In an embodiment, an apparatus for wireless
charging using radio frequency (RF) energy includes a first
charger portion having first and second charging areas. The
first and second charging areas are located in a common
plane, the first and second charging areas each having at least
one coil for wirelessly charging a charge-receiving device
placed in proximity to any of the first and second charging
areas. The at least one coil in each of the first and second
charging areas includes a respective winding, the winding of
the coil in the first charging area being wound in a direction
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opposite that of the winding of the coil in the second charging
area, each coil being connected in series, each coil configured
to charge at least one charge-receiving device. A second
charger portion has a third charging area, the third charging
area having at least one coil including a winding for wire-
lessly charging a charge-receiving device placed in proximity
to the third charging area, the coil in the third charging area
being connected in series with the coils in the first and second
charging areas, the third charging area located in a plane that
is orthogonal to the plane of the first and second charging
areas.

In an embodiment, a wrist-worn charge-receiving device
includes an antenna coil adapted to receive radio frequency
(RF) charging energy and a rechargeable power source
coupled to the antenna coil, the antenna coil adapted to pro-
vide the RF charging energy to the rechargeable power
source.

In an embodiment, an ear-worn charge-receiving device
includes an antenna coil adapted to receive radio frequency
(RF) charging energy and a rechargeable power source
coupled to the antenna coil, the antenna coil adapted to pro-
vide the RF charging energy to the rechargeable power
source.

In an embodiment, a charge-receiving device includes an
antenna coil adapted to receive radio frequency (RF) charging
energy, a rechargeable power source coupled to the antenna
coil, the antenna coil adapted to provide the RF charging
energy to the rechargeable power source and a ferrite mag-
netic material separating the antenna coil from a metal-con-
taining assembly associated with the charge-receiving
device.

BRIEF DESCRIPTION OF THE DRAWINGS

In the figures, like reference numerals refer to like parts
throughout the various views unless otherwise indicated. For
reference numerals with letter character designations such as
“102a” or “1025”, the letter character designations may dif-
ferentiate two like parts or elements present in the same
figure. Letter character designations for reference numerals
may be omitted when it is intended that a reference numeral
encompass all parts having the same reference numeral in all
figures.

FIG. 1A is a schematic diagram illustrating a first embodi-
ment of a wireless charger.

FIG. 1B is an alternative view of the wireless charger of
FIG. 1A.

FIG. 2A is a schematic diagram illustrating a second
embodiment of a wireless charger.

FIG. 2B illustrates an alternative view of the wireless
charger of FIG. 2A.

FIG. 3 is a schematic diagram illustrating a plan view of the
wireless charger of FIGS. 2A and 2B.

FIG. 4 is a schematic diagram illustrating an alternative
embodiment of the wireless charger of FIG. 3.

FIG. 5 is a schematic diagram illustrating an alternative
embodiment of the wireless charger of FIG. 3.

FIG. 6 is a schematic diagram illustrating an alternative
embodiment of an arrangement of the coils described above.

FIG. 7 is a schematic diagram illustrating a device to be
charged.

FIG. 8 is a schematic diagram illustrating an alternative
embodiment of a device to be charged.

FIG. 9 is a schematic diagram illustrating a device to be
charged.
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FIGS. 10A through 10D are schematic diagrams illustrat-
ing different example embodiments of the wrist-worn device
of FIG. 9.

FIG. 11 is a schematic diagram illustrating an embodiment
of a portion of the wireless charger of FIG. 1A.

FIG. 12 is a schematic diagram illustrating an alternative
embodiment of a portion of the wireless charger of FIG. 1A.

DETAILED DESCRIPTION

The word “exemplary” is used herein to mean “serving as
an example, instance, or illustration.” Any aspect described
herein as “exemplary” is not necessarily to be construed as
preferred or advantageous over other aspects.

In this description, the term “application” may also include
files having executable content, such as: object code, scripts,
byte code, markup language files, and patches. In addition, an
“application” referred to herein, may also include files that
are not executable in nature, such as documents that may need
to be opened or other data files that need to be accessed.

The term “content” may also include files having execut-
able content, such as: object code, scripts, byte code, markup
language files, and patches. In addition, “content” referred to
herein, may also include files that are not executable in nature,
such as documents that may need to be opened or other data
files that need to be accessed.

As used in this description, the terms “component,” “data-
base,” “module,” “system,” and the like are intended to refer
to a computer-related entity, either hardware, firmware, a
combination of hardware and software, software, or software
in execution. For example, a component may be, but is not
limited to being, a process running on a processor, a proces-
sor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an application
running on a computing device and the computing device
may be a component. One or more components may reside
within a process and/or thread of execution, and a component
may be localized on one computer and/or distributed between
two or more computers. In addition, these components may
execute from various computer readable media having vari-
ous data structures stored thereon. The components may com-
municate by way of local and/or remote processes such as in
accordance with a signal having one or more data packets
(e.g., data from one component interacting with another com-
ponent in a local system, distributed system, and/or across a
network such as the Internet with other systems by way of the
signal).

The apparatus for wireless device charging using RF
energy can be incorporated into what is referred to as a “per-
sonal communications hub.” A personal communications hub
can include a communication device, a personal digital assis-
tant, or another personal electronic communication device
along with a wireless headset, earpiece, or other device. As an
example, a personal communications hub may include a
wrist-worn device that functions as a communication device
and/or a display device and a wireless earpiece or headset that
is wirelessly coupled to the wrist-worn device. The wireless
earpiece or headset is used for audible communication. These
devices are powered by rechargeable power sources, which
are charged by a charging system or charging station. The
charging system is also referred to as a wireless power trans-
mitter.

FIG. 1A is a schematic diagram illustrating a first embodi-
ment of a wireless charger 100. The wireless charger 100
comprises a first charger portion 110 and a second charger
portion 120. In an embodiment, the first charger portion 110
comprises a first element 110-1 and a second element 110-2,
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which may be movably coupled together, for instance, rotat-
ably coupled together at a pivot axis (not shown). In an
embodiment, the element 110-1 and the element 110-2 can
rotate about the pivot point so they can be collapsed together
or opened as shown in FIG. 1A.

In an embodiment, the element 110-2 of the first charger
portion 110 may be adapted for charging ear-worn devices
and the second charger portion 120 may be adapted for charg-
ing wrist-worn devices. The second charger portion 120 may
be located adjacent to the element 110-1 of the first charger
portion 110 using a hinge 122. The hinge 122 may allow the
major axis of the second charger portion 120 to be rotated to
aposition that is substantially orthogonal to the major axis of
the first charger portion 110.

The element 110-2 of the first charger portion 110 com-
prises a charging area 132 and a charging area 134. An
antenna 124 is located proximate to the charging area 132 and
an antenna 126 is located proximate to the charging area 134.
In an embodiment, the charging area 132 and the charging
area 134 comprise a recess or depression. In the embodiment
shown in FIG. 1A, the antenna 124 surrounds the charging
area 132 and the antenna 126 surrounds the charging area 134.

The second charger portion 120 comprises a charging area
136. An antenna 128 is located proximate to the charging area
136. In an embodiment, any of the antennas 124, 126 and 128
can be fabricated using conductive material, such as copper
wire, to form a multiple-turn conductive coil into a cylindrical
shape or into a planar shape or may be implemented as a
printed structure, such as a printed coil formed on a flexible
film. The device to be charged is placed in proximity to the
appropriate antenna 124, 126 and 128, and charging occurs
via RF energy coupling. In an embodiment, the antennas 124,
126 can be formed as cylindrical coils 152 and 154 (FIG. 1B),
respectively, and the antenna 128 can be formed as a planar
coil 156 (FIG. 1B), using a continuous length of conductive
wire such that the antennas 124, 126 and 128 are all connected
in series to provide higher efficiency for charging devices.
Further, if desired, the antennas 124 and 126 be located as
close to each other as possible to reduce the overall size of the
wireless charger 100. Further, the windings of the cylindrical
coil 152 can be wound in a direction opposite that of the
windings of the cylindrical coil 154 to reduce interference
between the coils.

FIG. 1B is an alternative view of the wireless charger 100
of FIG. 1A. The illustration in FIG. 1B shows devices to be
charged, which in this example are ear-worn devices 142 and
144, located in charging areas 132 and 134, respectively.

In an embodiment, a connector and circuit 162 (shown in
FIG. 1A) supplies radio frequency (RF) charging energy to
the antennas 124, 126 and 128. However, in alternative
embodiments, the circuitry that delivers charging energy to
the antennas 124, 126 and 128 can be located within the
wireless charger 100 and there will be no external connector.
In an embodiment, a circuit card assembly 164 can receive an
externally generated RF signal and generate the charging
energy. In another embodiment, DC power can be delivered to
a circuit card assembly by, for example, a wall mounted
AC-t0-DC adaptor that supplies DC power from an AC source
to, for example, a circuit card assembly 164, associated with
the wireless charger 100. The circuit card assembly can
receive the DC power and generate an RF signal at, for
example, 6.78 MHz and supply the RF energy to the antennas
124, 126 and 128. In an embodiment, the multiple-turn cylin-
drical coils 152 and 154 for charging ear-worn devices are
located in the horizontal plane (parallel to the plane of the
ground) and the multiple-turn planar coil 156 for charging a
wrist-worn device is located in the vertical plane (perpendicu-
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lar to the plane of the ground). In an embodiment, and due to
the orthogonal orientation of the second charger portion 120
with respect to the first charger portion 110, a circuit card
assembly 164 can be mounted to the first charger portion 110
opposite the second charger portion 120 and not be subject to
RF interference, or be subject to field degradation, as a result
of its proximity to the second charger portion 120. The
orthogonal orientation of a major surface of the antenna 128
with respect to a major surface of a circuit card assembly 164
reduces RF and inductive coupling from the antenna 128 to
the circuit card assembly 164.

Using RF energy to provide the charging power allows a
device to be charged to be placed within or adjacent the
antennas 124, 126 and 128 without requiring a specific ori-
entation. For example, the specific orientation of each ear-
worn device 142 and 144 in each charging area 132 and 134
is not critical for charging to occur between the antenna 124
and the device 142, when, for instance, the ear-worn devices
142,144 are located proximate to the charging areas 132,134,
respectively. The recess that forms the charging area 132 in
proximity to which the antenna 124 is wound about a vertical
wall of the recess aids in transferring charging energy from
the antenna 124 to the ear-worn device 142. Similarly, the
recess that forms the charging area 134 in proximity to which
the antenna 126 is wound about a vertical wall of the recess
aids in transferring charging energy from the antenna 126 to
the ear-worn device 144.

FIG. 2A is a schematic diagram illustrating a second
embodiment of a wireless charger. The wireless charger 200
comprises a first charger portion 210 and a second charger
portion 220. In an embodiment, the first charger portion 210
may be adapted for charging ear-worn devices and the second
charger portion 220 may be adapted for charging wrist-worn
devices. The second charger portion 220 may be located
adjacent to the first charger portion 210 using a hinge 222.
The hinge 222 may allow the major axis of the second charger
portion 220 to be rotated to a position that is substantially
orthogonal to the major axis of the first charger portion 210.

FIG. 2B illustrates an alternative view of the wireless
charger of FIG. 2A. The wireless charger 200 shows the
second charger portion 220 being rotated to a vertical position
on the hinge 222 so that a major axis of the second charger
portion 220 is substantially orthogonal to a major axis of the
first charger portion 210.

The first charger portion 210 comprises a charging area 232
and a charging area 234. An antenna 224 is located proximate
to the charging area 232 and an antenna 226 is located proxi-
mate to the charging area 234. In an embodiment, the charg-
ing area 232 and the charging area 234 comprise a recess or
depression. In the embodiment shown in FIG. 2B, the antenna
224 surrounds the charging area 232 and the antenna 226
surrounds the charging area 234.

The second charger portion 220 comprises a charging area
236. An antenna 228 is located proximate to the charging area
236. In an embodiment, any of the antennas 224, 226 and 228
can be fabricated using conductive material, such as copper
wire, to form a multiple-turn conductive coil into a cylindrical
shape or into a planar shape or may be implemented as a
printed structure, such as a printed coil formed on a flexible
film. The device to be charged is placed in proximity to the
appropriate antenna 224, 226 and 228, and charging may
occur via RF energy coupling at a suitable frequency, for
instance, approximately 6.78 MHz. In an embodiment, the
antennas 224, 226 can be formed as cylindrical coils 252 and
254, respectively, and the antenna 228 can be formed as a
planar coil 256, using a continuous length of conductive wire
such that the antennas 224, 226 and 228 are all connected in
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series to provide higher efficiency for charging devices. Fur-
ther, the windings of the cylindrical coil 252 are wound in a
direction opposite that of the windings of the cylindrical coil
254 to reduce interference between the coils.

A connector and circuit (not shown in FIGS. 2A and 2B)
supplies radio frequency (RF) charging energy to the anten-
nas 224, 226 and 228. In an embodiment, the multiple-turn
cylindrical coils 252 and 254 for charging ear-worn devices
are located in the horizontal plane (parallel to the plane of the
ground) and the multiple-turn planar coil 256 for charging a
wrist-worn device is located in the vertical plane (perpendicu-
lar to the plane of the ground). In an embodiment, and due to
the orthogonal orientation of the second charger portion 220
with respect to the first charger portion 210, a circuit card
assembly 264 can be mounted to the first charger portion 210
opposite the second charger portion 220 and not be subject to
RF interference, or be subject to field degradation, as a result
of its proximity to the second charger portion 220. The
orthogonal orientation of a major surface of the antenna 228
with respect to a major surface of a circuit card assembly 264
reduces RF and inductive coupling from the antenna 228 to
the circuit card assembly 264.

As described above with respect to FIGS. 1A and 1B, using
RF energy to provide the charging power allows a device to be
charged to be placed within or adjacent the antennas 224, 226
and 228 without requiring a specific orientation.

FIG. 3 is a schematic diagram illustrating a plan view of the
wireless charger of FIGS. 2A and 2B. In the embodiment
shown in FIG. 3, the antennas 224 and 226 are implemented
as cylindrical coils 252 and 254 and the antenna 228 is imple-
mented as a planar coil 256. In an embodiment, the cylindrical
coils 252 and 254 can be used to charge ear pieces 142 and
144 and the planar coil 256 can be used to charge a wrist-worn
device (not shown). The design of each antenna 224, 226 and
228 comprises multiple-turn coils, which may be all con-
nected in series to provide higher efficiency for charging
devices. In an embodiment, the windings of the cylindrical
c0il 252 are wound in a direction opposite that of the windings
of'the cylindrical coil 254 to reduce interference between the
coils.

In an embodiment, the cylindrical coils 252 and 254 com-
prise five turns of 26 AWG wire and are separated by approxi-
mately 5 millimeters (mm). The planar coil 256 can comprise
five turns of 26 AWG wire and is located in a plane that is
orthogonal to the plane in which the cylindrical coils 252 and
254 are located. In an embodiment, the area of each cylindri-
cal coil 252 and 254 is approximately 50 mmx50 mm and the
area of planar coil 256 is approximately 35 mmx40 mm.

A connector and circuit 262 supplies radio frequency (RF)
charging energy to the antennas 224, 226 and 228. In an
embodiment, the multiple-turn coils 252 and 254 for charging
ear-worn devices are located in the horizontal plane (parallel
to the plane of the ground) and the multiple-turn coil 256 for
charging a wrist-worn device is located in the vertical plane
(perpendicular to the plane of the ground). In an embodiment,
and due to the orthogonal orientation of the second charger
portion 220 with respect to the first charger portion 210, a
circuit card assembly 264 can be mounted to the first charger
portion 210 opposite the second charger portion 220 and not
be subject to RF interference, or be subject to field degrada-
tion, as a result of its proximity to the second charger portion
220. The orthogonal orientation of a major surface of the
antenna 228 with respect to a major surface of a circuit card
assembly 264 reduces RF and inductive coupling from the
antenna 228 to the circuit card assembly 264.
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Using RF energy to provide the charging power allows a
device to be charged to be placed within or adjacent the
antennas 224, 226 and 228 without requiring a specific ori-
entation.

FIG. 4 is a schematic diagram 400 illustrating an alterna-
tive embodiment of the wireless charger of FIG. 3. The wire-
less charger 400 comprises antennas 224 and 226 imple-
mented as planar coils 352 and 354 and the antenna 228
implemented as a planar coil 356. The design of each antenna
224, 226 and 228 comprises multiple-turn coils, which are all
connected in series to provide higher efficiency for charging
devices. In an embodiment, the windings of the planar coil
352 are wound in a direction opposite that of the windings of
the planar coil 354 to reduce interference between the coils.

In an embodiment, the planar coils 352 and 354 comprise
five turns of 26 AWG wire and are separated by approxi-
mately 12 millimeters (mm). The planar coil 356 can com-
prise five turns of 26 AWG wire and is located in a plane that
is orthogonal to the plane in which the cylindrical coils 352
and 354 are located. In an embodiment, the area of each
planar coil 352 and 354 is approximately 49 mmx57 mm and
the area of planar coil 356 is approximately 35 mmx40 mm.

A connector and circuit 362 supplies RF charging energy to
the antennas 224, 226 and 228. In an embodiment, the planar
coils 352 and 354 can be used to charge ear-worn devices 142
and 144 and the planar coil 356 can be used to charge a
wrist-worn device (not shown).

FIG. 5 is a schematic diagram 500 illustrating an alterna-
tive embodiment of the wireless charger of FIG. 3. The wire-
less charger 500 comprises an antenna 226 that is imple-
mented as a cylindrical coil 452 and antennas 228 (228-1 and
228-2) that are implemented as a planar coils 456-1 and
456-2. The design of each antenna 226, 228-1 and 228-2
comprises multiple-turn coils, which are all connected in
series to provide higher efficiency for charging devices.

In an embodiment, the cylindrical coil 452 comprises five
turns of 26 AWG wire. The planar coils 456-1 and 456-2 can
comprise five turns of 26 AWG wire and are located in a plane
that is orthogonal to the plane in which the cylindrical coil
452 is located. In an embodiment, the area of the planar coil
452 is approximately 45 mmx75 mm and the area of each
planar coil 456-1 and 456-2 is approximately 35 mmx40 mm.

A connector and circuit 462 supplies RF charging energy to
the antennas 226, 228-1 and 228-2. In an embodiment, the
cylindrical coil 452 can be used to charge one or more ear-
worn devices 142 and 144 and the planar coils 456-1 and
456-2 can be used to charge wrist-worn devices (not shown).
In such an application, an antenna coil associated with a
wrist-worn device can be located on the strap of the wrist-
worn device allowing either coil 456-1 or 456-2 to charge the
power source of the wrist-worn device, depending on the
orientation of the wrist-worn device with respect to the coils
456-1 and 456-2.

FIG. 6 is a schematic diagram illustrating an alternative
embodiment of an arrangement of the coils described above.
The diagram shown in FIG. 6 can be implemented with any
combination of cylindrical coils and/or planar coils, as
described above. The circuit arrangement 600 includes coils
602, 612 and 622; capacitors 604, 614 and 624; and switches
606, 616 and 626. In an embodiment, the capacitor 604 and
switch 606 are associated with the coil 602; the capacitor 614
and switch 616 are associated with the coil 612; and the
capacitor 624 and switch 626 are associated with the coil 622.
Three coils 602, 612 and 622 are shown for simplicity. Any
number of coils can be implemented, depending on the design
of the charger. In an embodiment, a coil, a capacitor and a
switch form a charging structure. The coil 602, the capacitor
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604 and the switch 606 form a charging structure 610. The
coil 612, the capacitor 614 and the switch 616 form a charging
structure 620. The coil 622, the capacitor 624 and the switch
626 form a charging structure 630.

A number of such charging structures are configured to
charge a number of charge-receiving devices. In an embodi-
ment where each charging structure is configured to charge a
single charge-receiving device, the number of charge-receiv-
ing devices can be any number equal to or less than the
number of charging structures. In an embodiment where each
charging structure is configured to charge more than one
charge-receiving device, the number of charge-receiving
devices can be any number equal to, greater than, or less than
the number of charging structures.

In an embodiment, the capacitor 604 is electrically
matched to the coil 602, the capacitor 614 is electrically
matched to the coil 612 and the capacitor 624 is electrically
matched to the coil 622. Electrically matching a capacitor to
arespective coil maximizes the transfer of charging energy by
matching impedance and inductance of the circuit/CCA (not
shown in FIG. 6) to the respective coil.

A conductor 629 is coupled to the capacitor 604 and to the
switch 606; and a conductor 631 is coupled to the coil 622 and
the switch 626. The conductors 629 and 631 are coupled to
any of the circuits 162, 262, 362 or 462; and/or the circuit card
assemblies 164 and/or 264, depending on the particular
implementation.

In some implementations, it might be desirable to enable
fewer than all of the available charging structures. Having
multiple independently switched coils improves the charging
efficiency when charging fewer than the maximum number of
charge-receiving devices using fewer than all of the available
charging structures.

In the embodiment shown in FIG. 6, each of the switches
606, 616 and 626, can be selectively controlled to selectively
bypass its respective associated capacitor and coil. For
example, when the switch 606 is closed, the coil 602 and the
capacitor 604 are bypassed. Similarly, when the switch 616 is
closed, the coil 612 and the capacitor 614 are bypassed.
Similarly, when the switch 626 is closed, the coil 622 and the
capacitor 624 are bypassed. In this manner, by selectively
controlling the switches 606, 616 and 626 to be in an open
(non-conductive) state or a closed (conductive) state, the coils
602, 612 and 622 can be switched into and out of the circuit
600, thereby allowing maximum efficiency, whether enabling
any or all of the charging structures 610, 620 and 630, to
charge one, two, or three charge-receiving devices. This abil-
ity to selectively bypass any number of coils 602, 612 and 622
is desirable because when charging fewer than the maximum
number of charge-receiving devices, it is desirable to bypass
any coil that does not have a charge-receiving device.

The switches 606, 616 and 626 can be implemented using
a number of methodologies such as, for example only, semi-
conductor-based switches such as transistors. Switch logic
635 can include hardware, software, a combination of hard-
ware and software, or any other logic for controlling the
operation and the state of the switches 606, 616 and 626. The
switch logic 635 canalso be provided with one or more sensor
input signals, for example, over connection 637 regarding
whether a charge-receiving device is placed in proximity to
any of the coils 602, 612 and 622 so that the state of the
switches 606, 616 and 626 can be controlled, at least in part,
by whether a charge-receiving device is located near or proxi-
mate to a coil. Such sensor or proximity determination tech-
nology is known to those skilled in the art. The switch logic
635 may also receive a power and/or logic signal from the
circuit/CCA over connection 639, and provides switch con-



US 9,236,756 B2

9
trol signals to switches 606, 616 and 626 over respective
connections 641, 642 and 643.

As an example, ifit is desirable to enable the three charging
structures 610, 620 and 630 to charge at least three charge-
receiving devices, for example, one charge-receiving device
located proximate to each coil 602, 612 and 622, then each of
the switches 606, 616 and 626 will be controlled to be placed
in an open (non-conductive) state. Having each of the
switches 606, 616 and 626 in an open state allows current
provided by the circuit or circuit card assembly described
above to flow through the conductors 629 and 631, and
through each of the respective capacitors 604, 614 and 624
and associated coils 602, 612 and 622.

However, when it is desired to enable fewer than the maxi-
mum number of charging structures to charge fewer than the
at least three charge-receiving devices, then each of the
switches 606, 616 and 626 can be selectively enabled to be in
either a closed (conductive) state or in an open (non-conduc-
tive) state. Having a switch in an open (non-conductive) state
allows charging energy to flow through the associated coil.
Having a switch in a closed (conductive) state prevents charg-
ing energy from flowing through the associated coil.

For example, ifitis desired to enable the coil 602 to charge
at least one charge-receiving device, then the switch 606 will
be set in an open (non-conductive) state, while the switches
616 and 626 are controlled to be placed in a closed (conduc-
tive) state. In this manner, charging current will flow through
the conductor 629, across the capacitor 604, through the
conductor 607, through the coil 602, through the conductor
608, and through the closed switches 616 and 626, and
through the conductor 631, thus bypassing the coils 612 and
622.

Similarly, if, for example it is desirable to enable the coil
602 and the coil 612 to charge at least two charge-receiving
devices, then, switches 606 and 616 will be controlled to be
placed in an open (non-conductive) state, while the switch
626 will be controlled to be placed in a closed (conductive)
state. In this manner, charging current will flow through the
coil 602 as described above, and then, because the switch 616
is open (non-conductive), the current will flow through the
capacitor 614, through the conductor 618, through the coil
612, through the conductor 617, and then through the closed
switch 626 to the conductor 631, thus bypassing the coil 622
and the capacitor 624.

In this manner, any of the switches 606, 616 in 626, can be
selectively opened or closed so as to control the current flow
through the charging structures 610, 620 and 630. Having the
ability to control the flow of charging current through the
switched coils improves the charging efficiency when using
the charging structures 610, 620 and 630 to charge fewer than
the at least three charge-receiving devices.

FIG.7is a schematic diagram 700 illustrating a device to be
charged. In the embodiment shown in FIG. 7, the device is an
ear-worn device, such as an earpiece 701. In an embodiment,
the earpiece 701 comprises magnetic material 702 surround-
ing a rechargeable power source, such as a rechargeable bat-
tery 704. An antenna 706 surrounds the magnetic material
702 and the battery 704. The antenna 706 and the battery 704
are electrically coupled to the circuit card assembly 708 such
that charging energy received by the antenna 706 is trans-
ferred via the circuit card assembly 708 to the battery 704.
The magnetic material 702 can be a ferrite that has a high
magnetic permeability and helps to mitigate any reduction of
the magnetic field coupling between the charger’s coil (not
shown in FIG. 7) and the ear-worn device’s coil antenna 706
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in the presence of metal material, such as the battery 704, the
circuit card assembly 708 and other metallic material on the
earpiece 701.

In an embodiment, the antenna 706 is implemented as a
cylindrical coil comprising five turns of 30 AWG wire that is
wrapped around and adhered directly to the battery 704. The
antenna is wired from an edge of a top surface of the battery
704 to increase the separation between the antenna 704 and
the circuit card assembly 708. In an embodiment, the mag-
netic material 702 can have a thickness of approximately
0.375 mm and can be obtained from Panasonic Corporation
using part number KNZFACA37QLO.

In an embodiment, a ratio of the area of the antenna asso-
ciated with any of the first, second and third charging areas
described above and the antenna associated with the charge-
receiving device ranges from approximately two-to-one to
seven-to-one.

FIG. 8 is a schematic diagram 800 illustrating an alterna-
tive embodiment of a device to be charged. In the embodiment
shown in FIG. 8, the device is an ear-worn device, such as an
earpiece 801. In FIG. 8, the antenna 806 is implemented as a
planar coil that is located adjacent magnetic material 802,
which is located adjacent the circuit card assembly 808. The
battery 804 is located adjacent the circuit card assembly 808
and is adapted to receive RF charging energy from the
antenna 806.

In an embodiment, the antenna 806 is implemented as a
planar coil comprising five turns of 30 AWG wire that is
located adjacent the magnetic material 802, which is adhered
to the battery 804. The antenna 806 is located on a surface of
the magnetic material 802 that is opposite the battery 804. In
an embodiment, the magnetic material 802 can have a thick-
ness of approximately 0.375 mm and can be obtained from
Panasonic Corporation using part number
KNZFACA37QLO.

In alternative embodiments, the antenna 706 (FIG. 7) and
the antenna 806 (FIG. 8) may be implemented as a printed
structure, such as a printed coil formed on a flexible film.

FIG. 91s a schematic diagram 900 illustrating a device to be
charged. In the embodiment shown in FIG. 9, the device is a
wrist-worn device, such as a wristwatch 901. Alternative
embodiments of the wrist-worn device include, but are not
limited to, a display for a personal hub, a wrist-worn commu-
nication device such as a portable cellular-type telephone, or
another device. In the embodiment shown in FIG. 9, the
wristwatch 901 comprises a body 910, a bracelet or strap 912
and a battery 904. In this embodiment, the battery 904 is
located remote from the body 910 to reduce the thickness of
the body 910. However, in alternative embodiments, the bat-
tery 904 may be located adjacent the body 910, or at another
location on the bracelet 912.

FIGS. 10A through 10D are schematic diagrams illustrat-
ing non-limiting embodiments of the wrist-worn device of
FIG. 9. The embodiments shown in FIGS. 10A through 10D
illustrate different possible locations and configurations of a
charge energy receiving antenna on a device to be charged by
the wireless charger described above. For example, and as
described above, the antenna can be fabricated using conduc-
tive material, such as copper wire, to form a multiple-turn
conductive coil into a cylindrical shape or into a planar shape
or may be implemented as a printed structure, such as a
printed coil formed on a flexible film. As non-limiting
examples, the antenna can be a planar coil located on the back
of a wrist-worn device, a planar coil located inside of the
bracelet of the wrist-worn device, a planar coil located adja-
cent a battery, a planar coil located on the front of the wrist-
worn device, a cylindrical coil located around the perimeter of



US 9,236,756 B2

11

the wrist-worn device, and a cylindrical coil wrapped around
the battery of the wrist-worn device. Alternatively, the
antenna can be a planar printed coil fabricated using a con-
ductive flexible material located as described above to reduce
the thickness of the antenna.

In the embodiment shown in FIG. 10A, an antenna 1014 is
implemented as a planar coil that is located adjacent the rear
of'the body 1010 of a wrist-worn device. A magnetic material
1002 is located between the antenna 1014 and the rear of the
body 1010. The magnetic material 1002 can be a ferrite that
has a high magnetic permeability and helps to mitigate any
reduction of the magnetic field coupling between the charg-
er’s coil (not shown in FIG. 10A) and the wrist-worn device’s
antenna 1014 in the presence of metal material, such as the
battery 904, a circuit card assembly and other metallic mate-
rial on the wrist-worn device.

In the embodiment shown in FIG. 10B, an antenna 1034 is
implemented as a planar coil that is located adjacent the
bracelet 1012 of a wrist-worn device 1001.

In the embodiment shown in FIG. 10C, an antenna 1054 is
implemented as a planar coil that is located adjacent the
battery 1056 of a wrist-worn device 1001.

In the embodiment shown in FIG. 10D, an antenna 1064 is
implemented as a cylindrical coil that is located around the
body 1010 of the wrist-worn device 1001.

Further, an antenna can be located on a front of the wrist-
worn device, as a cylindrical coil wrapped around the battery,
or any other configuration.

FIG. 11 is a schematic diagram 1100 illustrating an
embodiment of a portion of the wireless charger of FIG. 1A.
A portion of the first charger portion 110 comprises a recess
1102 into which a device to be charged, such as an ear-worn
device 142 shown in dotted line for reference, can be located.
In an embodiment, a cylindrical antenna 1124, illustrated in
cross-section, can be fabricated as described above and
located around a periphery of the recess 1102. Such a con-
figuration increases the amount of charging energy that can be
transferred from the antenna 1124 to the device to the ear-
worn device 142.

FIG. 12 is a schematic diagram 1200 illustrating an alter-
native embodiment of a portion of the wireless charger of
FIG. 1A. A portion of the first charger portion 110 comprises
antennas 1224 and 1226 implemented as printed planar coils.
An ear-worn device 142 is shown in dotted line for reference.
The printed planar coils can be fabricated using a conductive
flexible or non-flexible material located as described above to
reduce the thickness of the antenna.

In view of the disclosure above, one of ordinary skill in
programming is able to write computer code or identify
appropriate hardware and/or circuits to implement the dis-
closed invention without difficulty based on the flow charts
and associated description in this specification, for example.
Therefore, disclosure of a particular set of program code
instructions or detailed hardware devices is not considered
necessary for an adequate understanding of how to make and
use the invention. The inventive functionality of the claimed
computer implemented processes is explained in more detail
in the above description and in conjunction with the FIGS.
which may illustrate various process flows.

In one or more exemplary aspects, the functions described
may be implemented in hardware, software, firmware, or any
combination thereof. If implemented in software, the func-
tions may be stored on or transmitted as one or more instruc-
tions or code on a computer-readable medium. Computer-
readable media include both computer storage media and
communication media including any medium that facilitates
transfer of a computer program from one place to another. A
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storage media may be any available media that may be
accessed by a computer. By way of example, and not limita-
tion, such computer-readable media may comprise RAM,
ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or
any other medium that may be used to carry or store desired
program code in the form of instructions or data structures
and that may be accessed by a computer.

Also, any connection is properly termed a computer-read-
able medium. For example, if the software is transmitted from
a website, server, or other remote source using a coaxial
cable, fiber optic cable, twisted pair, digital subscriber line
(“DSL”), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted
pair, DSL, or wireless technologies such as infrared, radio,
and microwave are included in the definition of medium.

Disk and disc, as used herein, includes compact disc
(“CD”), laser disc, optical disc, digital versatile disc
(“DVD”), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data opti-
cally with lasers. Combinations of the above should also be
included within the scope of computer-readable media.

Although selected aspects have been illustrated and
described in detail, it will be understood that various substi-
tutions and alterations may be made therein without departing
from the spirit and scope of the present invention, as defined
by the following claims.

What is claimed is:

1. An apparatus for wireless charging using radio fre-
quency (RF) energy, comprising:

a first charger portion having first and second charging
areas, the first and second charging areas located in a
common plane, the first and second charging areas each
occupying a different respective region in the common
plane, the first and second charging areas each being at
least partly enclosed by a respective frame to define an
interior, the first and second charging areas each having
at least one coil wound around the interior for wirelessly
charging a charge-receiving device placed in the interior
of the first or second charging area, the at least one coil
in each of the first and second charging areas comprising
a respective winding including a plurality of turns in the
common plane extending in a radial direction from a coil
axis, the winding of the coil in the first charging area
being wound in a direction opposite that of the winding
of the coil in the second charging area, each coil being
connected in series by an innermost turn of the coil in the
first charging area being electrically coupled to an out-
ermost turn of the coil in the second charging area, each
coil configured to charge at least one charge-receiving
device; and

a second charger portion having a third charging area, the
third charging area having at least one coil comprising a
winding for wirelessly charging a charge-receiving
device placed in proximity to the third charging area, the
coil in the third charging area being connected in series
with the coils in the first and second charging areas, the
third charging area located in a plane that is orthogonal
to the plane of the first and second charging areas.

2. The apparatus of claim 1, wherein each coil is configured

to charge a plurality of charge-receiving devices.

3. The apparatus of claim 1, further comprising a charge-
receiving device placed in non-specific alignment proximity
to any of the first, second and third charging areas, wherein
the first and second charging areas are adapted to receive an
ear-worn charge-receiving device and the third charging area
is adapted to receive a wrist-worn charge-receiving device.
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4. The apparatus of claim 1, wherein charging energy is
transferred at a frequency of approximately 6.78 MHz.

5. The apparatus of claim 1, wherein a ratio of the area of
the coil associated with any of the first, second and third
charging areas and an antenna coil associated with the charge-
receiving device ranges from approximately two-to-one to
seven-to-one.

6. The apparatus of claim 1, wherein the coil is chosen from
a cylindrical coil, a planar coil and a printed coil.

7. The apparatus of claim 6, wherein the printed coil is
formed on a flexible film.

8. The apparatus of claim 1, further comprising a recess
formed in any of the first charger portion and the second
charger portion and wherein the antenna coil is configured as
a cylindrical coil disposed about a periphery of the recess, the
recess configured to receive a charge-receiving device.

9. The apparatus of claim 1, further comprising a switch
and a capacitor associated with each coil, the switch being
selectively operable such that when in a conductive state, the
switch prevents the associated coil from receiving current to
generate charging energy.

10. The apparatus of claim 9, wherein a switch, a capacitor
and a coil form a charging structure and a plurality of charging
structures are selectively operable such that when in a con-
ductive state, each respective switch prevents the associated
coil from generating charging energy.

11. The apparatus of claim 10, wherein a plurality of charg-
ing structures are configured to charge a number of charge-
receiving devices, the number of charge-receiving devices
being any number equal to, greater than or less than the
number of charging structures.
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